Oocyte maturation inhibitor (OMI), inhibin, progesterone and oestradiol\x=req-\ 17\g=b\ concentrations were measured in fluid collected from small ( < 3 mm), medium size (3\p=n-\6mm) and large ( > 6 mm) porcine ovarian follicles, which were obtained on Days 5, 10, 15 and 18 of the oestrous cycle and at 24 h after the onset of oestrus. Concentrations of OMI decreased with increasing follicle diameter (P < 0\m=.\05),independent of the stage of the oestrous cycle. Concentrations of inhibin showed a tendency to decrease with increasing follicle diameter on Days 10, 15 and 18, but not on Day 5 of the cycle. Concentrations of OMI and inhibin in the largest follicles were low before the onset of oestrus, and were essentially unaltered 24 h later. A positive correlation was found between OMI and inhibin concentrations, whereas the correlation between inhibin concentration and log (progesterone concentrations) was negative.
Introduction
Fully grown oocytes explanted from their Graafian follicles resume meiosis spontaneously in vitro (Pincus & Enzmann, 1935) . In contrast, follicle-enclosed oocytes in vivo and in vitro mature normally only after stimulation with LH (Tsafriri, 1978) . Evidence has been presented that within the follicle the meiotic process is kept in abeyance by a locally produced factor, oocyte maturation inhibitor (OMI) (Tsafriri & Channing, 1975) . OMI appears to be produced by granulosa cells (Centola, Anderson & Channing, 1981) . It accumulates in follicular fluid and might be a peptide with molecular weight of <2000 (Hillensjö, Kripner, Pomerantz & Channing, 1979; Channing et al., 1982) . The inhibitory action of OMI appears to be exerted through mediation of the cumulus cells (Hillensjö et al., 1979; Tsafriri, Dekel & Bar-Ami, 1982) . One of the aims of this study was to measure OMI activity in follicular fluid obtained from gilts at established phases of the reproductive cycle and to correlate it with follicular development.
Porcine follicular fluid also contains a factor that specifically inhibits the secretion of FSH from the pituitary gland (Schwartz & Channing, 1977; Welschen, Hermans, Dullaart & de Jong, 1977) . This factor is produced by granulosa cells (Erickson & Hsueh, 1978; Hermans, van Leeuwen, Debets, Sander & de Jong, 1982) , and has an action which is identical to that of inhibin in the male (de Jong & Sharpe, 1976) . Concentrations of inhibin in porcine follicular fluid are lower in large than in small follicles (Lorenzen, Channing & Schwartz, 1978) , although the opposite has been reported for bovine follicles examined by a different assay system (Welschen et al., 1977) . Limited data are available on the relationship between inhibin concentrations and the stage of the oestrous cycle. Chappel, Holt & Spies (1980) and Channing et al. (1981) have reported higher concentrations of inhibin in human follicular fluid collected during the follicular phase than during the luteal phase of the cycle. Channing et al. (1981) suggested that these differences may be attributed to the higher degree of atresia during the luteal phase. The second objective of our study was to examine whether inhibin concentrations change only with the size of the follicle, or are influenced by the stage of the oestrous cycle. Finally, the interrelationships between follicular fluid concentrations of OMI, inhibin and sex steroids were investigated.
Materials and Methods
Samples of porcine follicular fluid (N = 28) were collected from ovaries of 18 cyclic, 7-9-monthold crossbred Dutch Landrace Great Yorkshire gilts according to the procedure described by Tsafriri & Channing (1975) , except that no antibiotics or Millipore filters were used and ovaries or follicular fluid were always kept on ice. Since the pig produces 16-4 corpora lutea on average after ovulation (Hansel, Concannon & Lukaszewska, 1973) , follicular fluid from approximately 20 of the largest follicles was always combined, whereas fluid of the other follicles was pooled according to the size of the follicles (small < 3 mm ; medium size 3-6 mm ; large > 6 mm diameter). After centrifugation, the total volume of each pool was determined and samples were stored at -70°C.
Blood samples were obtained from mixed arterial-venous blood when the animals were killed, and plasma was stored at -25°C. In 14 samples of follicular fluid both OMI and inhibin were determined as described by Tsafriri, Channing, Pomerantz & Lindner (1977) and de Jong, Smith & van der Molen (1979), respectively. Additional measurements of OMI or inhibin were done in 5 and 13 samples respectively.
Assays
Inhibition of oocyte maturation was tested with approximately 100 ova per sample of follicular fluid in 2 separate experiments. The percentage of degenerated oocytes was 5-8 ± 3-3 (mean ± s.e.m.; = 21). OMI concentrations are expressed as percentage of oocyte maturation inhibiting activity obtained by comparing the assayed samples with the control (Stone, Pomerantz, Schwartz-Kripner & Channing, 1978) .
Inhibin was determined in 6 separate experiments and concentrations were expressed in units per ml (the inhibin activity of 1 ml of a standard pool of bovine charcoal-treated follicular fluid was used as unity). Steroids were not removed from the porcine follicular fluid samples before the assay.
Volumes equivalent to 005 and 0-2 pi porcine follicular fluid were added to groups of 4 dishes in which pituitary cells were cultured, and FSH and LH were estimated in the medium after 3 days of basal gonadotrophin secretion. Precision indices ( ) of the assays varied between 0-14 and 0-34. There was always a significant correlation between log (dose) and concentration of FSH, whereas no significant deviations from linearity and parallelism were observed. The concentration of LH in the medium was not affected by the addition of the follicular fluid samples.
Follicular fluid was also analysed for oestradiol-17ß (de Jong, Hey & van der Molen, 1973) and progesterone (de Jong, Baird & van der Molen, 1974), whereas plasma samples were analysed for oestradiol-17ß and progesterone according to procedures described by van de Wiel, Erkens, Koops, Vos & van Landeghem (1981) .
Steroid radioimmunoassays in follicular fluid were validated as follows. Recovery of 100 and 200 pg progesterone added to a sample was 103 ± 16-5% (mean ± s.d., = 12) and 100 ± 9-0% (n = 10) respectively. Intra-assay coefficients of variation (CVs) for 2 series of samples containing 2-5 and 10-20 ng/ml were 12% (n -30) and 11% (n = 30) respectively. Interassay CV for one pooled sample (2-3 ng/ml) was 10% (n = 16). Method blanks were 7-7 ± 6-1 pg/tube (n = 50). For oestradiol-17ß, recovery of50pg added to a sample was 113 ± ll%(w = 26). Intra-assay CVs for 2 series of samples of 0-50 and 50-100 pg/ml were 11% (n = 30)and 14% (n = 30) respectively. Interassay CV for one pooled sample (100 pg/ml) was 12% (n = 17). Method blanks were 1-2 ± 4-2 pg/tube (n = 50).
For the plasma progesterone RIA, recovery of 50, 150 and 350 pg progesterone added to a sample was 100, 100 and 98% respectively. Intra-assay CVs for 2 samples with progesterone con¬ centrations of 4-2 and 15-8 ng/ml were 31% (n = 8) and 3-9% (n = 8) respectively. Interassay CVs for the same samples were 4-7% (n = 18) and 3-3% (n = 20). For oestradiol, recovery of 5-60 pg added to a plasma sample containing 6-8 pg/ml was 103 ± 5% (n = 4). Intra-assay CVs for 2 samples containing 8-9 and 46-1 pg/ml were 4-5% (n = 8) and 4-8% (n = 8) respectively. Interassay CV for one sample containing 181 pg/ml was 7-7% (n = 22).
The sensitivity was 01 ng/ml for progesterone and 0-6 pg/ml for oestradiol.
Statistical analysis OMI potency, the standard error and the levels of significance for OMI activity (the latter by the 2 test) were calculated as described by Stone et al. (1978) . Inhibin activities were calculated using a computer programme, based on the principle of parallel line assay (Finney, 1964) , which was kindly provided by Dr H. W. G. Baker (Melbourne). Regressions between levels of OMI, inhibin or steroids were calculated by least squares analysis. Differences in concentrations between different follicular size classes were tested by Student's paired t test.
Results

Oocyte maturation inhibitor
The results for inhibition of oocyte maturation in all samples taken at Day 5,10,15 and 18 of the oestrous cycle are shown in Text- fig. 1(a) . With one exception the percentage inhibition always decreased with increasing follicle diameter, and there was no relationship with the stage of the oestrous cycle. If the sample with the negative value was excluded, mean OMI concentrations (± s.d.) in follicles with diameter < 3,3-6,6-9 and 9-12 mm were 29-3 ± 3-4,16-7 ± 8-0,8-4 ± 5-5 and 6-8 ± 3-3 respectively. There were low concentrations of OMI in the largest follicles on Day 18 and in the follicles after the LH surge (9-2 ± 5-8 and 8-7 ± 4-0 respectively). When follicle classes were compared within individual animals, OMI concentrations decreased significantly (P < 0-05) with increasing follicle diameter.
Inhibin
Mean inhibin concentrations ( ± s.d.) in follicles with diameter < 3,3-6,6-9 and 9-12 mm were 0-55 ± 0-45,1-16 ± 0-53,0-50 ± 0-21 and 0-28 ± 0-011 units/ml respectively. A decrease in inhibin concentration was found in follicles after the LH surge compared to that in 6-12 mm follicles on Day 18 (0-20 ±0-15 and 0-32 ± 0-09 units/ml respectively). When follicle classes were compared within individual animals, inhibin concentrations increased with increasing follicle diameter on Day 5, but the opposite relationship was found on Days 10, 15 and 18 of the cycle (Text- fig. lb ; except one point on Day 15, when lower levels were found in very small follicles). However, these changes in inhibin concentrations were not significant (P > 0-05).
Steroids
The stage of the oestrous cycle was determined by considering the number of days after the last overt oestrus, and was confirmed, as far as plasma samples were available, by measurement of o !5 3-5 5-6 6-12
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Text- fig. 1 . Relation between follicle size and stage of the oestrous cycle with (a) follicular OMI activity and (b) follicular fluid inhibin activity. Numbers 1 and 2 indicate pooled samples which were obtained from 5 and 2 gilts respectively. Samples obtained from the same animals are connected by lines. Data from Days 10 and 15 both represent the luteal phase of the oestrous cycle, and therefore are plotted together.
oestradiol and progesterone concentrations. A prolonged luteal phase existed probably in one animal, because levels of plasma progesterone on Day 18 were higher than expected in a normal oestrous cycle (Stabenfeldt, Akins, Ewing & Morrisette, 1969) .
With respect to the follicles collected after the onset of oestrus it was assumed that these follicles had just been exposed to the LH surge. An interval of 24 h after the onset of standing oestrus should generally be sufficient for the preovulatory LH surge to be completed (Parvizi, Elsaesser, Smidt & Ellendorff, 1976; van de Wiel et al., 1981) . In 6-9 mm follicles mean (±s.d.) oestradiol concentrations (9-9 ± 5-2 ng/ml) were higher than in 5-6 mm follicles (2-5 ± 1-2 ng/ml) or < 3 mm follicles (2-8 ± 0-07 ng/ml). Increase of mean oestradiol level was observed in 6-12 mm follicles after the LH surge (15-1 ± 10-6 ng/ml), as compared to 6-9 mm follicles on Day 18 of the cycle. When follicle classes were compared within individual animals, the larger follicles contained significantly (P < 005) higher oestradiol levels than did the smaller follicles. Progesterone concentrations were generally at the same level in < 3 mm, 3-6 mm, 5-6 mm and 6-9 mm follicles, but were elevated in 6-12 mm follicles after the LH surge. However, differences in progesterone levels were not significant.
Correlations between OMI, inhibin and steroid concentrations
A positive correlation (r = 0-64) was found between OMI and inhibin concentrations. No significant correlations were found between OMI and progesterone or oestradiol concentration in follicular fluid. Inhibin concentrations were not related to follicular fluid oestradiol concentrations, but a negative correlation (r = -0-54) was found between inhibin and log progesterone concentration.
Discussion
Oocyte maturation inhibitor activity in follicular fluid, as measured in an assay utilizing oocytes isolated from rats, was not related to the stage of the oestrous cycle, but was dependent on the size of the follicle. Follicular fluid from small or medium-sized follicles showed a significantly higher OMI activity when compared with fluid from large follicles. Similar results were obtained when follicular fluid was collected from small, medium and large follicles of porcine ovaries collected at an abattoir (Stone et al., 1978) or when granulosa cells collected from such follicles were extracted (Centola et al., 1981) . It therefore appears that the concentration of OMI in follicular fluid decreases with follicular growth, although sufficient OMI must remain within healthy preovulatory follicles to prevent the resumption of meiosis.
Meiosis is often resumed in atretic follicles (reviewed by Byskov, 1978) and this may be due to the reduction in OMI levels or perturbation of cumulus cell-oocyte communication which might be essential for inhibition of meiosis (Tsafriri et al., 1982) . It does not seem very likely that in healthy follicles the meiosis-inducing action of LH is mediated by a decreased synthesis of OMI. Low levels of OMI activity in large follicles were found not only on Day 18 of the cycle and at 24 h after the surge of LH, but also on Days 5 and 10 of the cycle.
Measurement of inhibin in this study may have been influenced by the fact that steroids were not removed from the follicular fluid before its addition to the pituitary cells in culture. However, a calculation of the maximum concentration of added oestradiol and progesterone in the culture medium after addition of 0-2 pi follicular fluid to 2 ml medium shows that the concentrations of the steroids (10-11 and 4 -10 M respectively) are too low to have a significant influence on the release of LH or FSH (De Paolo, Shander, Wise, Barraclough de Jong et al., 1979) , as was also indicated by the absence of systematic changes in the LH concentration in the medium. Lower levels of inhibin were found in large than in medium-sized follicles, which agrees well with the observations made by Lorenzen et al. (1978) . However, when follicle classes were compared within individual animals, it appeared that on Day 5 inhibin levels were lower in smaller follicles than in larger follicles. This variability with a stage of the oestrous cycle may explain some of the discrepant observations in the literature (Welschen et al., 1977; Lorenzen et al., 1978) .
It has been shown that atresia is associated with an increase in follicular progesterone production (McNatty, 1980; Braw & Tsafriri, 1980; Terranova, 1981) . Channing et al. (1981) have demonstrated that inhibin concentrations in atretic human follicles are lower than in viable follicles. Thus, the negative correlation observed by us between progesterone and log inhibin con¬ centrations may be due to follicular atresia.
Finally, sampling at Day 18 may have been too early to allow definite conclusions with respect to the possible influence of the follicular phase on OMI and inhibin concentrations. For this purpose more detailed studies during the follicular phase should be done.
